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Abstract
A pilot study is reported to identify an improved method
of evaluating digital user interfaces in health care. Experience and developments from the aviation industry and the
NASA-TLX mental workload assessment tools are applied
in conjunction with Nielsen heuristics for evaluating an
Electronic Health Record System in an Irish hospital. The
NASA-TLX performs subjective workload assessments on
operators working with various human-computer systems.
Results suggest that depending on the cognitive workload
and the working context of users, the usability will differ
for the same digital interface. We conclude that incorporating the NASA-TLX with Nielsen’s heuristics offers a more
reliable method in design and evaluation of digital user interfaces in clinical environments, since the healthcare work
context is taken into account. Improved interfaces can be
expected to reduce medical errors and improve patient care.

1. Introduction
In health care, the use of Electronic Health Record
(EHR) Systems are slowly replacing traditional paper-based
patients records. This transition from paper-based to digitalbased systems has been leading users to use digital interfaces. As a consequence, the evaluation of user interfaces
is an increasingly important research field devoted to enhance systems’ usability [9]. Nielsen’s principles represent
the most adopted heuristic to test the usability of an interface due to their simplicity in terms of effort and time. The
evaluation is done by systematically finding usability problems in an interface and judging them according to the usability principles in an iterative design process. However,
the heuristics mainly focus on the user interface without
considering external factors such as the environment context of use and the cognitive state of its users. In health care
environments, clinicians, nurses, doctors and other operators are often forced to work under pressure, with patients
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whose dependency score can be relative high. Therefore,
the cognitive state of these workers is constant flux, often
influenced by periods of stress and pressure punctuated by
more calm and relaxing time intervals. For a clinician using an interface, his/her experience and judgement is likely
influenced by his/her environment and mental state. We
are interested in assessing a clinician’s cognitive state while
using a certain interface that might affect their experience
and evaluation of it. For this reason, we have adopted the
NASA-TLX methodology [3], mainly applied in the aviation sector, to generate indexes of the mental workload of a
person after the execution of a task. We report a pilot study
in an Irish hospital evaluating the usability of an EHR used
by two clinicians, independently in different wards, occupied by patients with high dependency scores. A questionnaire that incorporates Nielsen’s principles and the NASATLX, was completed by clinician volunteers after each use
of the EHR. Results were correlated to examine the impact
of the mental state of a person on the usability of the EHR.
State-of-the-art:
Nielsen’s 10 usability principles,
“heuristics”, can successfully identify the vast majority of
the usability problems of a system [9]. This subjective tool
has been used in different contexts and has recently been
adopted in health information studies to test the usability of
web-based EHRs, medical equipment, web design, Internet
health tools and services [10]. The evaluation and design of
software, for health-care information systems, involves the
deployment of the system development life cycle methodology (SDLC) in health informatics [7]. Usability has been
shown as a major factor in both acceptance [8] and effectiveness [6] of EHR systems in clinical settings. Usability
evaluations are often carried out by administering questionnaires to users who provide explicit feedback. Their opinions are subjective and may be influenced by their cognitive
state while answering questions. A busy or tired person may
experience an interface being difficult to use, compared to
another who is less frustrated, relaxed and attentive. It is intuitive that human factors play an important role and should
be considered when evaluating user interfaces. Indeed, it is
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Label
N Q1
N Q2
N Q3
N Q4
N Q5
N Q6
N Q7
N Q8
N Q9
N Q10

Question
“Does the system always keep you informed about what is going on
through appropriate feedback within reasonable time?”
“Does the system speak the users’ language, with words, phrases and
concepts familiar to the user, rather than system-oriented terms?”
“Does the system support undo and redo functionalities to leave the
unwanted state without having to go through an extended dialogue?”
“Does the users have to wonder whether different words,
situations, or actions mean the same thing?”
“Does the system present lots of error messages?”
“Does the system minimize the user’s memory load by making objects,
actions, and options visible?”
“Does the system provide shortcuts to jump quickly to a certain
functionality accelerating the interaction with frequent actions?”
“Does the system show dialogues that contain information
which is irrelevant or rarely needed?”
“Does the system present error messages expressed in plain language
precisely indicating the problem, constructively suggesting a solution?”
“Does the system provide help/documentation easy to search, focused on
the user’s task, list concrete steps to be carried out, and not be too large?”

Tested issue

Scale

Impact on US

Feedback

low/high

Positive/Negative

low/high

Positive/Negative

low/high

Positive/Negative

low/high

Negative/Positive

low/high

Negative/Positive

low/high

Positive/Negative

low/high

Positive/Negative

low/high

Negative/Positive

low/high

Positive/Negative

low/high

Positive/Negative

Speak Users’
Language
Clearly Marked
Exits
Consistency
Prevent
Errors
Minimize Use
Memory Load
Shortcuts
Simple/Natural
Dialogue
Good Error
Messages
Help and
Documentation

Table 1: Nielsen-based questionnaire
argued that assessments of performance should be taken
into consideration in evaluations [1]. The design of optimal
and functional EHR systems and interfaces is important because they can significantly impact patient care [12]. NASA
aerospace developed the NASA Task Load Index (NASATLX) to test the workload of pilots and its effects in their
work [3], to assess the human mental workload of users
while executing a task. Widely used in aeronautics and aviation, where it is mainly adopted for studying the impact
of distraction of drivers in vehicle control [4], it is slowly
moving into the health sector. The NASA-TLX was used to
reduce the surgical workload in single-incision laparoscopy,
by using it in simulation labs to help students acquire the
skill necessary for suturing [11], and to assess the subjective workload of clinicians in perianesthesia nursing [13].

2. Methodology and Experiment Design
This pilot study was conducted in an Irish hospital which
cares for an elderly population. Two wards were chosen:
Ward A has 18 patients, and Ward B has 10 patients. Ward
A patients typically have higher dependency scores than
those in Ward B, because Ward A patients are long stay elderly people. Patients in Ward B are short-term stay individuals who are intermittently admitted to hospital for respite.
The two wards demand different levels of physical and mental stress for staff but both use the same EHR system to document each patient’s daily progress.
EHR task: The EHR’s user interface has a structured
design with several questions and tick boxes aimed at helping clinicians to have an overview of the day-to-day life
of a patient. The system allows assessment of a patient’s
state of health through questions on various aspects such as
mental state, continence, nutrition, hydration, mood, pain,
mobility, skin condition, safety, sleep, rest and spiritual

needs. The number of questions, for each section, varies
from 2 to a maximum of 14 and clinicians answer these
several times within their 12 hours working day. For our
experiment we formally define, in Table 2, the task that the
two clinicians, responsible of the selected wards, one each,
needed to perform over the EHR interfaces:
TASK: “answering EHR questions about patients’ health state”

Evaluation Tool
The first part of the questionnaire
was designed to meet the usability principles proposed by
Nielsen [9]: the questions, in Table 1, test the usability and
effectiveness of the EHR system for its design and how clinicians experience it’s use in their busy schedule. For questions 1, 2, 3, 6, 7, 9, 10, a high score means that the designed
functionality has a positive impact on usability. A low score
suggests there is a design problem in the system. For questions 4, 5, 8, instead, a high value prompts a design problem
while a low score underlines a well implemented functionality. The second pool of questions represent the NASA-TLX
questionnaire [3] to assess the mental workload of a user
and are presented in Table 2. The Performance factor scale,
in the original NASA-TLX questionnaire [3], varies from
good to poor: decrements in performance correspond to increments in the final mental workload. In our experiment
design, we have reversed the scale to be in line with the
other 5 questions, in order to minimise confusion of users.
This change is taken into account in the formal computation of the final HMW scores, converting back to the performance score of the original NASA-TLX scale.
The research question in this study is: To what extent do
human factors influence the usability of a digital interface?
Practically, answering this question means answering: To
what extent does the human mental workload, imposed by
the adopted EHR system, influence its usability?
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Label
N T Q1

N T Q2

N T Q3
N T Q4
N T Q5

N T Q6

Question
“How much mental and perceptual activity was required (e.g. thinking,
deciding, calculating, remembering, looking, searching, etc.)? Was the
task easy or demanding, simple or complex, exacting or forgiving?”
“How much physical activity was required (e.g. pushing, pulling,
turning, controlling, activating, etc.)? Was the task easy or
demanding, slow or brisk, slack or strenuous, restful or laborious?”
“How much time pressure did you feel due to the rate or pace at which
the tasks or task elements occurred?
Was the pace slow and leisurely or rapid and frantic?”
“ How hard did you have to work (mentally and physically)
to accomplish your level of performance?”
“How successful do you think you were in accomplishing the goals,
of the task set by the experimenter (or yourself)? How satisfied were
you with your performance in accomplishing these goals?
“How insecure, discouraged, irritated, stressed and annoyed versus secure,
gratified, content, relaxed and complacent did you feel during the task?”

Area

Scale

Impact on HMW

Mental
Demand

low/high

Positive/Negative

Physical
Demand

low/high

Positive/Negative

Temporal
Demand

low/high

Positive/Negative

Effort

low/high

Positive/Negative

Performance

poor/good

Negative/Positive

Frustration

low/high

Positive/Negative

Table 2: NASA-TLX questionnaire
We correlate the first set of questions (Nielsen principles)
with the second set (NASA-TLX). The former subjectively
tests the usability of the EHR’s interfaces while the latter
assesses the mental workload of the clinicians imposed by
the EHR’s interfaces. Formally, the 10 questions of Table
1 (NQs) are mathematically averaged to produce a final usability value U S (questions 4, 5, 8 have the inverted scale):
N Qi : [1..10] ∈ ℵ,
X
US =
i={1|2|3|6|7|9|10}

1 ≤ i ≤ 10, U S : [0..1] ∈ <
!
X
1
N Qi +
(10 − N Qi )
10
i={4|5|8}

The NASA-TLX model is not based on a simple average
of the 6 questions of Table 2 (NTQs), rather on a weighted
aggregation. These questions are formally expressed as:
N T Qx : [0..1] ∈ ℵ, x : {M |P D|T |E|P |F }
The weight of each of the 6 considered areas needs to be
computed. Clinicians needed to decide, for each possible
pair of the 6 areas (binomial coefficient), ‘which of the two
contributed more to their workload during the task’, such as
‘Mental or Physical Demand?’, ‘Physical Demand or Performance?’, and so forth, giving a total of 15 preferences.
 
6
6!
= 15
=
2!(6 − 2)!
2
The weights are the number of preferences, for each area, in
the 15 answer set. In other words, the number of times that
each factor was selected. The range is from 0 (not relevant)
to 5 (more important than any other factor). Formally:
N T Wx : [0..5] ∈ ℵ, x : {M |P D|T |E|P |F }
The final human mental workload score (HMW) of users
is computed by multiplying the score of each NTQ question
by its computed weight NTW (Note the Performance value
is brought back to the original NASA-TLX scale):
HM W : [0..1] ∈ <,

x : {M |P D|T |E|P |F }
!

X

HM W =
x={

N T Qx ·N T Wx +

M |P D|
}
T |E|F

X

x={P }

(10−N T Qx )·N T Wx

1
15

3. Results
The parameters of the experiments are shown in Table
3. The questionnaires of Table 1 and 2 have been answered
immediately after executing the task described in Section 2.
This means that 180 questions, in the first experiment (Exp.
1), and 140 in the second experiment (Exp.2), were answered, to test the usability (NQ questions), and to test the
imposed mental workloads (NTQ questions) by the EHR
system. For the computation of the NASA-TLX 6 areas’
weights, the users always show the same preferences (the
pairwise comparisons), generating the weights in Table 4,
because the EHR TASK does not change over time.
Exp. No.
Exp. 1
Exp. 2

Patients N.
18
10

Days
5
7

Ward
A
B

Clinician
A
B

Table 3: Experiments description
Weight label
N T WM
N T WP H
N T WT
N T WP
N T WE
N T WF

NASA-TLX Area
Mental demand
Physical demand
Temporal
Performance
Effort
Frustration

Preference
3
0
2
4
1
5

Table 4: Pair-Wise NASA-TLX sub-scale comparisons
Experiment 1 results Figure 1 shows results of experiment 1 (Exp. 1). Subfigure (a) describes how the clinician, evaluator of the EHR’s user interface usability, has
answered the questionnaire of Table 1 (NQs). Results are
grouped by patient. Users’ answers, after each completion of the EHR TASK (Section 2), are grouped together
in a boxplot containing the results for the whole period (5
days). For questions 1, 4, 5, 7, 8, 9 of Table 1, the flat
line shows that the subjective answers do not vary over patients, having a null impact, while questions 2, 3, 6, 10 of
Table 1, vary, even though over a restricted range, having
a minor impact. The last score of subfigure (a), the computed usability value (U S), does not significantly decrease
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(a) Boxplot of scores: Nielsen-based usability questions (NQs)

(b) Boxplot of scores: the NASA-TLX questionnaire (NTQs)

(d) Boxplot US scores vs HMW scores

(e) Scatterplot US scores vs HMW scores

(c) NASA-TLX areas and HMW scores

(f) Contour plot US scores vs HMW scores

Figure 1: Experiment 1 - 18 patients, 5 days, clinician no. 1
over patients: the usability of the EHR’s interfaces slowly
decreases. The subfigures (b, c) of Figure 1 describe the
answers of the NASA-TLX questionnaire (NTQ questions)
of Table 2. The Mental Effort significantly increases over
time, after each completion of the EHR TASK (Section 2).
The same happens for the Temporal Demand, Effort and
Frustration, while the clinician’s performance significantly
decreases over time. The Physical Demand is stable and
null, as the EHR TASK involves mainly cognitive modalities rather than physical channels. The computed indexes
of Human Mental Workload (HMW scores) increase after
the completion of the EHR TASK: the clinician needs to
put more cognitive effort into its execution. The subfigures
(d, e, f) of Figure 1 describe the correlation between the
computed usability scores (U S) and the mental workload
required by the EHR interface on clinicians for executing
the EHR TASK (Section 2). Evident increments of human

mental workloads (HM W ) correspond to moderate decrements in the level of usability (U S). The EHR’s interfaces
are experienced being less usable when mental workload is
high, supported by a distinct correlation of r = −0.866.
The contour plot (subfigure f), instead, better describes how
users’ answers change as a function of usability (U S) and
mental workload (HM W ). At the beginning of the clinician working day, the usability is high, with low mental
workloads, while at the end of the day, the usability decreases with increments in the workload levels.
Experiment 2 results
Figure 2 shows results of experiment 2 (Exp. 2). Subfigure (a) describes clinician’s
answers of the usability questionnaire of Table 1 (NQs).
Scores are grouped by patient. Users’ answers, after execution of the EHR TASK (Section 2), are grouped together
forming a boxplot drawn over the entire experiment period
(7 days). For questions 5, 7 the subjective answers do not
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(a) Boxplot of scores: Nielsen-based usability questions (NQs)

(b) Boxplot of scores: the NASA-TLX questionnaire (NTQs)

(d) Boxplot US scores vs HMW scores

(e) Scatterplot US scores vs HMW scores

(c) NASA-TLX areas and HMW scores

(f) Contour plot US scores vs HMW scores

Figure 2: Experiment 2 - 10 patients, 7 days, clinician no. 2
vary significantly, underlying minor impact over EHR usability. For questions 1 and 9, scores do not vary at all over
patients, thus there is no usability impact. Answers to questions 2, 3, 4, 6, 8 show a higher variance, underlying the
decrement of the usability for that particular design issue.
Like experiment 1 (Exp.1), the computed usability scores
(U S) decrease slowly: the clinician experiences the EHR
having more design problems over time (over patients).
The subfigures (b, c) of Figure 2 describe the answers of
the NASA-TLX questionnaire (NTQ questions) of Table 2.
The graphs look exactly the same as experiment 1 (Exp.1),
with the factors, except the Physycal Demand, having a
great variance. The Mental Effort, the Temporal Demand,
the Effort and Frustration increase over time, after each execution of the EHR TASK (Section 2), while the clinician’s
performance significantly decreases. The Physical Demand
is stable and null, as the EHR TASK is mainly a cognitive

task rather than physical. The indexes of Human Mental
Workload (HMW computed scores) increase moderately,
but permanently, after each completion of the EHR TASK:
the clinician’s cognitive effort is constantly and increasingly
demanded by the EHR system. The subfigures (d, e, f) of
Figure 2 show how the computed usability score and the
mental workload required by the EHR TASK (Section 2)
are correlated. Increments of human mental workload levels (HM W ) correlate to mediocre decrements of usability
scores (U S). The usability and the experience of the EHR’s
interfaces are lower when mental workload is high, supported by a significant correlation of r = −0.927. The contour plot (subfigures f) emphasises how user’s scores over
patients (over time) change as a function of usability (U S)
and workload (HM W ). At the start of the day, when the
EHR TASK (Section 2) is performed for the first time by
the clinician, the usability is high and there is low mental
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workload. At the end of the 12-hours working day, after
multiple execution of the EHR TASK (Section 2), the usability decreases with increments in the workload levels.
General Interpretations Boxplots 1 (a) and 2 (a) suggest that the usability of the EHR can vary over time, even
though the interface is the same. This is supported by the
results of boxplots b, c of Figures 1 and 2 for both the experiments. As clinicians approach the end of their working day,
their performance in accomplishing their task on the EHR
system drastically decreases. As a result, they need to pay
more attention to reach the same level of performance on the
same task, eliciting more mental workload. The correlation
between usability (U S) and mental workload (HM W ), (d,
e, f of Figures 1 and 2 ) required by the EHR TASK (Section 2), is significant. This suggests that the design process
of an EHR’s should take greater account of the context of
use and the mental workload of its clinical users.

4

Conclusion and Future Work

Nielsen principles [9] represent the most adopted
paradigm for evaluating the usability of digital interfaces.
However, they consider a set of functionalities an interface
should conform to, without fully considering the context of
system use and the impact that a user’s workload may have
on their use of the system. This study prompts consideration
of human factors in the evaluation process of a user interface in health care. The concept of human mental workload
is envisaged, a complex construct that accounts for parameters such as mental, physical and temporal demands, performance, effort and frustration of a user while executing a
task. The evidence gathered through the questionnaire that
incorporates Nielsen’s principles and NASA-TLX, suggests
that the mental workload of the clinician demanded by the
EHR’s interface increases over time, after repetitive use. As
mental workload increases, there is a negative correlation
with the usability of the system. This is explained by the
environmental constraints of a typical health care setting
where clinicians are exposed to increasing stress and frustration, with losses of performance over the typical working day. With the reduction of attention and an increment
in mental workload levels, the clinicians experienced the
EHR differently, being more difficult and non-usable after
multiple uses. The experiment outcomes are encouraging
and suggest that further studies and tests should be conducted. More reliable methods to evaluate digital user interfaces need to be developed for application in health care
environments. The clinical usability of EHR systems is extremely important because it affects patient care. Therefore
technologies should help improve clinical care and not impose unnecessary mental workload on clinical staff.
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